There are several modalities for the treatment of the overactive bladder (OAB), but the results may not be satisfactory. A recent study has demonstrated that the OAB has a dysrhythmic electric activity that seems to result from a disordered vesical pacemaker. We hypothesized that vesical pacing may correct the irregularities of the vesical electric waves and consequently normalize the vesical contractility. In this communication, we primarily defined the adequate pacing parameters required for correction of the vesical dysrhythmia. 36 patients with OAB were divided into a study group (22; 13 women; mean age 40.2 years) and a control group (14; 8 women; mean age 41.8 years). Ten healthy volunteers (6 women; mean age 39.8 years) were included in the study. Three 28-gauge cardiac pacing electrodes were hooked to the vesical mucosa: one (pacing) to the vault, and two (recording) to the lateral wall. Electric activity at rest and during stimulation of the pacing electrode was recorded in the study group and the healthy volunteers. In the control group, recording was done without pacing. Reproducible regular triphasic SWs were recorded from the 2 electrodes of the healthy volunteers with a similar pattern from the 2 electrodes of each individual subject. The optimal pacing parameters we determined were: an amplitude of 5 mA, a pulse width of 200 ms and a frequency of 20% higher than the frequency of the basal vesical waves.Vesical pacing effected a significant increase of waves' variables. The OAB patients exhibited a "dysrhythmic" wave pattern which was normalized during vesical pacing using the aforementioned pacing parameters. The optimal parameters required for vesical pacing of the dysrhythmic waves of the OAB were determined and succeeded in normalization of the vesical electric activity. Vesical pacing is suggested to be used as a therapeutic tool for the treatment of the OAB.
ABSTRACT
There are several modalities for the treatment of the overactive bladder (OAB), but the results may not be satisfactory. A recent study has demonstrated that the OAB has a dysrhythmic electric activity that seems to result from a disordered vesical pacemaker. We hypothesized that vesical pacing may correct the irregularities of the vesical electric waves and consequently normalize the vesical contractility. In this communication, we primarily defined the adequate pacing parameters required for correction of the vesical dysrhythmia. 36 patients with OAB were divided into a study group (22; 13 women; mean age 40.2 years) and a control group (14; 8 women; mean age 41.8 years). Ten healthy volunteers (6 women; mean age 39.8 years) were included in the study. Three 28-gauge cardiac pacing electrodes were hooked to the vesical mucosa: one (pacing) to the vault, and two (recording) to the lateral wall. Electric activity at rest and during stimulation of the pacing electrode was recorded in the study group and the healthy volunteers. In the control group, recording was done without pacing. Reproducible regular triphasic SWs were recorded from the 2 electrodes of the healthy volunteers with a similar pattern from the 2 electrodes of each individual subject. The optimal pacing parameters we determined were: an amplitude of 5 mA, a pulse width of 200 ms and a frequency of 20% higher than the frequency of the basal vesical waves.Vesical pacing effected a significant increase of waves' variables. The OAB patients exhibited a "dysrhythmic" wave pattern which was normalized during vesical pacing using the aforementioned pacing parameters. The optimal parameters required for vesical pacing of the dysrhythmic waves of the OAB were determined and succeeded in normalization of the vesical electric activity. Vesical pacing is suggested to be used as a therapeutic tool for the treatment of the OAB.
INTRODUCTION
Overactive bladder (OAB) is a common disorder worldwide. It is a symptom syndrome suggestive of lower urinary tract dysfunction and is characterized by urgency with or without urge incontinence (1) . OAB is usually associated with frequency and nocturia with no proven infection or other obvious pathology (1).
In the OAB, the neurologic or myogenic activity of the urinary bladder is affected by a variety of conditions including neurologic illness or injury, bladder outlet obstruction and urethral weakness (2); there is, however, an idiopathic type of OAB which has a hitherto unknown etiology. Denervation is commonly found in biopsy specimens of patients with OAB, suggesting that muscle abnormalities may be a cause of the condition (3). Investigators (4, 5) proposed that a change in the smooth muscle properties seems to be a prerequisite for OAB.
Electric activity in the form of slow waves (SWs) and action potentials (APs) have been recorded from the urinary bladder (6-10). It is claimed that the waves in the gut are generated by the interstitial cells of Cajal (ICC) (11) (12) (13) (14) (15) , and are responsible for the contractile activity of the smooth musculature (16) (17) (18) . A disorder of the electric activity presumably leads to deranged contractility of the organ (19, 20) . Previous studies could demonstrate the presence of ICCs in the urinary bladder (21) .
A recent study has revealed that the electric activity in the OAB was "dysrhyrthmic" (22) . The electric waves exhibited irregular frequency, amplitude and conduction velocity from the electrodes applied to the urinary bladder of the same individual. The cause of this dysrhythmic pattern was related to disordered Figure 1 . The location of the electrodes in the urinary bladder.
pacemaker (22) which is presumably located in the bladder vault (6) . We assumed that the irregular electric waves of the OAB are generated by this dysfunctioning pacemaker.
Several treatment modalities are being practiced for OAB. These includes behavioral therapy (23), pelvic floor exercises (24) , electrical stimulation (25), biofeedback (26) , muscarinic receptor antagonists (27) , intravesical agents that block cholinergic transmission (28), bladder denervation procedures (29) , and sacral neuromodulation (30). However, the results may not be satisfactory in some patients.
We hypothesized that vesical pacing may correct the irregularities of the vesical electric waves of the OAB, and consequently normalize the vesical contractility. This hypothesis was investigated in the current communication aiming primarily at defining the adequate pacing parameters that are required for correction of the vesical dysrhythmia of the OAB.
MATERIAL and METHODS

Subjects
36 patients with OAB were divided into a study group of 22 patients (13 women, 9 men; mean age of 40.2±10.7 SD years; range 32-62) and a control group of 14 patients (8 women, 6 men; mean age 41.8±10.9 SD years; range 34-60). Table 1 shows the causes of the OAB as diagnosed on the basis of urodynamic examination including uroflowmetry and pressure flow studies.
The study comprised also 10 healthy volunteers who matched the patients in age and gender (6 women, 4 men, mean age of 39.8±10.2 SD years; range 30-58). The subjects had no genitourinary manifestations in the past or at the time of enrollment. Physical examination including neurologic assessment was normal. Urinalysis and sonography of the urinary tract were also normal.
All the studied subjects were informed about the tests to be done and their role in the study, and gave an informed consent. The study was approved by the Review Board and Ethics Committee of the Cairo University Faculty of Medicine.
Methods
The subjects were asked to evacuate their bladder.
Three 28-gauge cardiac pacing electrodes (Prevail, Medtronic, NC Kerkrade, The Netherlands) were used for the experiment. The electrodes were introduced cystoscopically into the urinary bladder per urethram and under videoscopic control; they were hooked to the vesical mucosa. One electrode (stimulating) was applied to the vesical vault and two electrodes (recording) to the lateral wall of the bladder with a distance of 3-4 cm between them (Figure 1 ). The wires were brought out through the urethral orifice. Twenty minutes were allowed before recording was started so that the urinary bladder would have adapted to the hooked electrodes. Thereafter the basal electric activity was registered from the 2 recording electrodes for 20 minutes. This was followed in the study group and in the healthy volunteers by a 20-minute recording during electrical stimulation of the vault electrode (pacing) using an electrical stimulator (Mode A310, World Precision Instruments, Sarasota, FL). The stimulator delivered a series of constant electric currents. The optimal pacing parameters were defined after performing multiple sessions with different pacing parameters. The latency, which is the time lapse from the onset of pacing to the onset of response, was calculated. As regards the 14 patients of the control group, the recordings were made without activation of the pacemaker.
The waves registered from the two recording electrodes were amplified using an ac amplifier with a frequency response within ± 3 dB from 0.016Hz to 1 KHz, and were displayed on a UV recorder at a sensitivity level of 1 mV/cm.
To assess reproducibility of the results, the recordings sessions were repeated at least twice in the individual subject and the mean value was calculated. The results were analyzed statistically using the Student's t test and the values were given as the mean ± standard deviation (SD). Differences assumed significance at p<0.05.
RESULTS and DISCUSSION
No adverse side effects were encountered during or after performance of the tests and all the subjects were evaluated.
Pacing parameters
The optimal pacing parameters comprised an amplitude of 5m A, a pulse width of 200 ms and a frequency that was 20% higher than the frequency of the basal vesical waves already recorded. We found that pacing with an amplitude less than 5 mA did not effect normalization of the dysrhythmic electric pattern. Similarly, the pulse width of the pacing stimulus had an effect on vesical myoelectric activity. Vesical pacing with 
Vesical pacing of the healthy volunteers
Slow waves were registered from the 2 recording electrodes under basal conditions. The waves from the 2 electrodes of the same subject had a regular rhythm and the same frequency, amplitude and velocity of conduction ( Figure 2) ; the values of these variables are displayed in table 2. The SWs were followed by bursts of action potentials (APs) represented by negative deflections (Figure 2 ). The APs were inconsistent and occurred randomly; they had the same pattern from the 2 electrodes of the same subject (Figure 2 ).
Vesical pacing with the aforementioned pacing parameters effected an increase in frequency, amplitude, and conduction velocity of the SWs (p<0.01, p<0.05, p<0.05, respectively; table 2, Figure 2 ) and also increased the APs. The mean latency was 0.9±0.2 min (range 0.5-1.2). The SWs had a regular rhythm and were similar from the 2 electrodes in the same subject. When pacing was terminated, its effect on the vesical myoelectric activity disappeared within 5-10 s (mean 07.3±1.1).
Vesical pacing of the OAB
The resting electric activity of both the study and control patients showed a dysrhythmic pattern; the SWs exhibited irregular frequency, amplitude and conduction velocity from the 2 electrodes of the individual subject (Figure 3) . These variables differed from one electrode to the other in the same subject. The APs also occurred randomly and did not show the same pattern from the 2 electrodes of the individual subject (Figure 3 ).
Upon vesical pacing of the study group, using the aforementioned defined pacing parameters, the SWs exhibited a regular rhythm with occasional irregularities during the 20 min recording period (Figure 3 ). The frequency, amplitude, and conduction velocity were similar from the 2 electrodes of the same patient. The values of these variables are listed in table 3. APs were also recorded, occurred randomly and showed similar pattern from the 2 electrodes of the individual subject. The mean latency was 1.7±0.6 min (range 1.2-2.6) and the effect of vesical pacing disappeared after pacing was ceased by a mean of 9.3±1.35 (range 6-12).
The OAB patients of the control group in whom the electrodes were applied to the urinary bladder but not activated did not show any change of the dysrhythmic electric activity.
We obtained reproducibility of the results with no significant difference when the recordings were repeated in the same subject.
The OAB is a common disorder which affects the quality of life of many patients. There are many treatment modalities but none is entirely satisfactory. For this reason new methods are still being developed with the aim of finding a cure of this condition.
The current study presents a novel method for the treatment of the OAB. It has been shown in previous (22) and the current study that the OAB exhibits a dysrhythmic pattern of electric activity. Furthermore, it is reported that the electric waves control the contractile activity of the smooth musculature of the different organs (16-18). Thus, a disordered electric activity would disturb the motile activity whereas its correction would presumably improve the contractility.
The dysrhythmic vesical electric activity in the OAB patients of the current study seems to be a sequence of the neuropathic condition of the urinary bladder. The source of the electric waves in the gut and urinary bladder is believed to be the ICCs (11) (12) (13) (14) (15) 21) . The electric waves generated from the ICCs appear to be delivered to the smooth muscle or nerve fibers. The ICCs could thus be considered as the pacemakers which pace the vesical motor activity. Previous studies have suggested that the vesical 1 Values were given as the mean ± standard deviation (SD) cpm = cycle per minute pacemaker exists at the bladder vault and delivers the electric waves to the rest of the vesical wall (6) . We postulated that this pacemaker is deranged in the OAB and may need to be paced. We therefore applied the pacing electrode at the vesical vault presuming that this is the site of the deranged pacemaker.
The electric activity of the healthy volunteers was regular and exhibited a significant increase on pacing due probably to stimulation of the vesical pacemaker. In the OAB, pacing corrected the dysrhythmic electric pattern. The disturbed wave rhythm became regular except for occasional periods of irregularities. We postulate that the regular wave rhythm would regulate the vesical contractility and inhibit the bladder overactivity. Normalization of the electric activity has been achieved using optimal pacing parameters that had been selected after repeated trials with different variables. We found that pacing with parameters at a lower level failed to correct the dysrhythmic electric activity of the OAB.
An alternative concept of the effect of pacing on OAB could be related to the denervation of the vesical musculature. Vesical muscle denervation was reported by investigators to occur in the OAB as shown in biopsy specimens (3) . We believe that in such cases, the vesical pacemaker discharges normal electric waves which are, however, improperly transmitted to the muscle fibers through the impaired innervation. Therefore, the disorder in such cases seems to be related to the wave transmission and not to the pacemaker itself. With this concept in mind, and with the correction of the dysrhythmic pattern of the electric activity in the OAB by vesical pacing, we suggest that pacing may correct not only a disordered vesical pacemaker, but also improper nerve transmission of the electric waves, not unlike sacral neurostimulation in the treatment of urinary control disorders.
In conclusion, the optimal parameters required for vesical pacing of the dysrhythmic electric activity pattern of the OAB were determined and succeeded in normalization of the dysrhythmic electric waves. Accordingly, vesical pacing is suggested to be used as a therapeutic method for the treatment of the OAB.
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